Six types of sphaeractinomyxon are reported from the coelomic cavity of oligochaetes collected from the Minho River estuary in northern Portugal. Four new types are morphologically and molecularly described from freshwater species belonging to the genera Psammoryctides Hrabě and Potamothrix Vejdovský et Mrázek in the upper estuary, thus significantly increasing the number of known freshwater sphaeractinomyxon. In the lower estuary, sphaeractinomyxon types 8 and 10 of Rangel et al. (2016) are recorded infecting the marine oligochaete Tubificoides pseudogaster (Dahl). A single specimen of T. pseudogaster further displayed infection by one of the four new types found in the upper estuary, suggesting the involvement of sphaeractinomyxon in the life cycles of myxosporean species that infect migratory fish hosts. The acquisition of these second hosts is proposed to have allowed the myxosporean counterparts of sphaeractinomyxon to cross environmental barriers and conquer new habitats. Phylogenetic analyses of the SSU rRNA gene reveal the four new types clustering within the monophyletic clade of mugiliform-infecting myxobolids, strengthening the previously proposed involvement of the sphaeractinomyxon collective group in the life cycles of this specific group of myxosporeans. Endocapsa types also cluster within the latter clade, having actinospores that differ from those of sphaeractinomyxon only in the presence of valvular swellings that do not change when in contact with water. In this study, however, one type was found displaying actinospores with and without valvular swellings in the same oligochaete specimen. This overlap in actinospore morphology is given as grounds for the demise of the endocapsa collective group.
Infection of aquatic oligochaetes by actinospores was first reported by Štolc (1899) , who described Synactinomyxon tubificis, Triactinomyxon ignotum and Hexactinomyxon psammoryctis developing in tubificids collected from the Vltava River in the Czech Republic. In the years that followed this discovery, the acquisition of knowledge of actinosporean infections was relatively limited, due not only to low prevalence of infection, but possibly also because they were thought to have little direct economic significance.
In 1984, however, Wolf and Markiw (1984) demonstrated that the life cycle of Myxobolus cerebralis Hofer, 1903, an economically important myxosporean parasite of salmonid fishes, developed triactinomyxon actinospores in the gut epithelium of the oligochaete Tubifex tubifex (Müller). This discovery led to the demise of the class Acti-nosporea (see Kent et al. 1994 ), but simultaneously boosted interest in the study of actinospores as life cycle stages of the Myxosporea. described from marine oligochaetes in Hong Kong and Australia (Hallett et al. 1998 , but only S. ersei had its SSU rRNA gene sequenced. More recently, 13 sphaeractinomyxon types were morphologically and molecularly described from marine oligochaetes in two Portuguese estuaries (Rangel et al. 2016 , Rocha et al. 2019a ). Overall, the implementation of molecular methodologies to the study of sphaeractinomyxon types has revealed a higher biodiversity than expected based on morphology-based criteria. In fact, Rangel et al. (2016) showed that actinospore measurements overlap between different types of this collective group, so that the usage of molecular tools is indispensable for the description of new types. Phylogenetic analyses of the SSU rRNA gene further disclosed a possible involvement of the sphaeractinomyxon collective group in the life cycle of mugiliform-infecting myxobolids (Rocha et al. 2019a) , which remains to be proved by either molecular inference or experimental transmission studies.
In the late 1990s, two other collective groups were erected to encompass actinospores that differed from sphaeractinomyxon in specific aspects of their morphology and sporogonic development. The tetraspora collective group comprised types that while displaying the typical morphology of sphaeractinomyxon, developed in groups of four within the pansporocysts, instead of the usual groups of eight. However, recent studies acknowledged this character as too variable to establish distinction between the two collective groups. Consequently, tetraspora was deemed invalid and its two types were transferred to sphaeractinomyxon: sphaeractinomyxon types A and B of , formerly classified as Tetraspora discoidea and Tetraspora rotundum Hallett et Lester, 1999 , respectively (Rocha et al. 2019a ). These types were described from Australian marine oligochaetes based solely on actinospore morphology , but the first has since then been molecularly reported from its type host.
In turn, endocapsa was erected to encompass actinospores that differed from sphaeractinomyxon only in the presence of valvular swellings that do not change when in contact with water . The validity of this collective group was questioned in recent studies (Rangel et al. 2016 , Rocha et al. 2019a ). Nonetheless, it remained valid and currently comprises four types: Endocapsa rosulata Hallett, Erséus et Lester, 1999 and Endocapsa stepheni Hallett, Erséus et Lester, 1999 from the marine oligochaete Heterodrilus cf. keenani Erséus in Australia (Hallett et al. , 2001 ; Endocapsa type 1 of Hallett et al. (2001) from immature tubificids, also in Australia; and Endocapsa type of Székely et al. (2007) from the freshwater oligochaete Psammoryctides albicola (Michaelsen) in Syria. Molecular data of the SSU rRNA gene are available for both E. rosulata and Endocapsa of Székely et al. (2007) .
This study investigated the biodiversity of actinosporean stages infecting freshwater and marine oligochaetes in a northern Portuguese river, from which only one myxosporean species was previously reported (see Rocha et al. 2019b ). Among the different collective groups recorded, sphaeractinomyxon was represented by two known and four new types that are described here morphologically and molecularly. The morphological variability found among the actinospores belonging to one of the new types is given as ground for the demise of the endocapsa collective group.
MATERIALS AND METHODS

Sampling sites and morphological characterisation
Between 2015 and 2016, mud was collected from two sites in the Minho River, northern Portugal. One site was located in the upper estuary, close to the fyke-nets stationed near the village of Vila Nova de Cerveira (41°56'N; 08°45'W). The other was located in the lower estuary, near the village of Caminha (41°52'N; 08°50'W). Mud from the upper estuary was collected using a Van Veen grab sediment sampler with an area of 500 cm 2 and a maximum capacity of 5,000 cm 3 , while mud from the lower estuary was collected manually at low tide.
In the laboratory, oligochaetes were isolated from the mud and kept at 4 ºC, individually placed into 12-well plates containing either dechlorinated freshwater or brackish water (15‰ salinity), depending on the sampling site from which the mud was obtained. Salinity values at the fyke-nets in the upper estuary are generally below 0.5‰, increasing slightly during dry summer periods. In turn, salinity values in the lower estuary range between 15 and 40‰ throughout the year (see Dias et al. 2016) .
All specimens were examined using the light microscope for the detection of actinosporean stages in internal tissues and cavities. Developmental stages and free actinospores were observed and photographed using an Olympus BX41 light microscope (Olympus, Tokyo, Japan). Morphometry was determined from fresh material, in accordance to Lom et al. (1997) . Measurements include the mean value ± standard deviation (SD), range of variation, and number of measured actinospores (n). All measurements are in micrometres.
Molecular methods
Genomic DNA from infected oligochaetes was extracted using the GenElute TM Mammalian Genomic DNA Miniprep Kit (Sigma-Aldrich, St Louis, MO, USA), following the manufacturer's instructions. The DNA was stored in 50 μl of TE buffer at -20 ºC until further use.
The SSU rRNA gene of the actinospores was amplified using both universal and myxosporean-specific primers: the 5'-end by pairing the primer 18E (5'-CTG GTT GAT CCT GCC AGT-3') (Hillis and Dixon 1991) with ACT3r (5'-ATT GTT CGT TCC ATG-3') (Rocha et al. 2014 ) and MYX4R (5'-CTG ACA GAT CAC TCC ACG AAC-3') (Hallett and Diamant 2001) ; the 3'-end by pairing the primers ACT3f (5'-CAT GGA ACG AAC AAT-3') (Hallett and Diamant 2001) and MYX4F (5'-GTT CGT GGA GTG ATC TGT CAG-3') (Rocha et al. 2015) with 18R (5'-CTA CGG AAA CCT TGT TAC G-3') (Whipps et al. 2003) .
PCRs were performed in 50 µl reactions using 10 pmol of each primer, 10 nmol of each dNTP, 2.0 mM MgCl 2 , 5 µl 10 × Taq polymerase buffer, 1.5 units Taq DNA polymerase (NZYTech, Lisbon, Portugal), and 3 µl (approximately 100-150 ng) of genomic DNA. The reactions were run on a Hybaid PxE Thermocycler (Thermo Electron Corporation, Milford, MA, USA), with initial denaturation at 95 ºC for 3 min, followed by 35 cycles of 94 ºC for 45 s, 53 ºC for 45 s, and 72 ºC for 90 s. The final elongation step was performed at 72 ºC for 7 min.
The 16S rRNA gene of the oligochaete hosts was amplified using the universal primers 16sar-L (5'-CGC CTG TTT ATC AAA AAC AT-3') and 16sbr-H (5'-CCG GTC TGA ACT CAG ATC ACG T-3') (Palumbi et al. 2002) . PCRs were carried out according to the conditions previously mentioned for the actinospores.
Five-µl aliquots of the PCR products were electrophoresed through a 1% agarose 1 × tris-acetate-EDTA buffer (TAE) gel stained with ethidium bromide. Amplified DNA was purified using Puramag™ magnetic beads coated with carboxylic acid groups (MCLAB, San Francisco, CA, USA). Sequencing reactions were performed with the same primers used for amplification on a BigDye Terminator v3.1 Cycle Sequencing Kit from AppliedBiosystems (Thermo Fisher Scientific, Waltham, MA, USA), and were run on an ABI3700 DNA analyser from Applied-Biosystems (Thermo Fisher Scientific).
Phylogenetic analyses
The partial SSU rDNA sequences of each sample were aligned using MEGA7 (Kumar et al. 2016) for the construction of assembled sequences. A dataset was generated according to the highest similarity scores obtained using BLAST search. Accordingly, all sphaeractinomyxon types with available SSU rDNA sequences were incorporated in the dataset, as well as closely-related myxosporean and actinosporean stages, i.e., all species of Myxobolus Bütschli, 1882 thus far reported from mullet hosts, Endocapsa rosulata, Endocapsa of Székely et al. (2007) and Triactinomyxon of Székely et al. (2007) . Sequences were aligned using MAFFT version 7 available online, and distance estimation was calculated in MEGA7, with the p-distance model and all ambiguous positions removed for each sequence pair.
For phylogenetic analyses, other representatives of the clade of myxobolids were included in the dataset, as well as Myxidium lieberkuehni Bütschli, 1882 (X76638) as outgroup species. The final dataset comprised 62 SSU rDNA sequences that were aligned using the software MAFFT version 7 and posteriorly manually edited in MEGA7. Phylogenetic trees were constructed using maximum likelihood (ML), maximum parsimony (MP) and Bayesian inference (BI). ML and MP analyses were conducted in MEGA7 with bootstrap confidence values calculated from 500 replicates.
ML analyses were performed based on the General Time Reversible model with Gamma distributed rate and Invariant sites (GTR + G + I) selected on the basis of the lowest score of Bayesian Information Criterion (BIC) and corrected Akaike Information Criterion (AIC) with the MEGA package. MP analyses were obtained using the Subtree-Pruning-Regrafting algorithm with a search level of 1 and random initial tree addition of 10 replicates.
BI analyses were performed in MrBayes v.3.2.6 (Ronquist and Huelsenbeck 2003) , using the general time reversible model with gamma-shaped rate variations across sites (Invgamma) (GTR + I + Γ). Posterior probability distributions were generated using the Markov Chain Monte Carlo (MCMC) method, with four chains running simultaneously for 500,000 generations. Burn-in was set at 25%, and trees were sampled every 100 generations to compile the majority rule consensus tree.
RESULTS
Myxozoan survey and overall prevalence of infection of sphaeractinomyxon
During this study, 4,593 oligochaete specimens were isolated from the sediments collected from the Minho River: 4,016 from the sampling site near the fyke-nets in the upper estuary, and 577 from the lower estuary. Myxozoan infection was found in a total of 61 oligochaetes, with the parasites' developmental stages being located either in the intestinal epithelium or in the coelomic cavity. The actinospores and developmental stages occurring in the intestinal epithelium belonged to the aurantiactinomyxon (4 types), synactinomyxon (2 types) and raabeia (1 type) collective groups. The actinosporean stages developing in the coelomic cavity were all identified as belonging to the sphaeractinomyxon collective group and are reported here.
In total, six different types of sphaeractinomyxon could be distinguished: four constitute new types that are described here, while the other two are known types recorded for the first time in the study area. Identification and characterisation of these types was based on both the morphological traits of mature actinospores (whenever present in the infected oligochaete) and sequences of the SSU rRNA gene. Young developmental stages could only be identified based on molecular data. Overall prevalence of infection of sphaeractinomyxon in the Minho River estuary was determined to be 0.2% (10 infected in a total of 4,593 oligochaetes examined); 0.1% in the upper estuary (5 infected in a total of 4,016 oligochaetes examined); and 0.9% in the lower estuary (5 infected in a total of 577 oligochaetes examined).
Infected oligochaetes were identified through the combined analysis of morphological features and molecular data of the 16S mitochondrial DNA (mtDNA). In the upper estuary, the freshwater "tubificoid naidids" Limnodrilus hoffmeisteri Claparède, Ilyodrilus templetoni (Southern), Psammoryctides barbatus (Grube), and Potamothrix sp. were identified as the species hosting myxozoan infection. In the lower estuary, only the marine oligochaete Tubificoides pseudogaster (Dahl) was found to be infected. Infection by sphaeractinomyxon, specifically, was determined in specimens of P. barbatus (1 type), Potamothrix sp. (2 types), and T. pseudogaster (3 types). Only one of the infected oligochaetes in the upper estuary could not be identified, because it was immature and died in the well plate, showing clear signs of degradation. bp long, assembled from the identical partial sequences obtained from the parasitic material in the coelomic cavity of a single infected specimen, and deposited in GenBank with the accession no. MK418446. R e m a r k s : Morphometry was determined from mature actinospores observed in a single infected host. Morphological comparison revealed no gross similarity to sphaeractinomyxon types that have no available molecular data, i.e., S. stolci Caullery and Mesnil, 1904, S. gigas Granata, 1923 , S. danicae Georgevitch, 1938 , S. ilyodrili Jírovec, 1940 , S. amanieui Puytorac, 1963 and S. rotundum Marques, 1984 , Sphaeractinomyxon types 1 and 2 of Hallett et al. (1997) , and Sphaeractinomyxon type B of . Morphological similarity was also not found in relation to the two endocapsa types that lack molecular data, i.e., Endocapsa stepheni and Endocapsa type 1 of Hallett et al. (2001) . The sequence obtained for the parasite did not match any of the SSU rDNA sequences currently available for myxozoans, being most similar to those comprising the clade of mugiliform-infecting myxobolids ( long, representative of two identical sequences obtained separately from the parasitic material in the coelomic cavity of two infected specimens, deposited in GenBank with the accession no. MK418447. R e m a r k s : Morphometry was determined from one of the two infected hosts, in which fully matured actinospores could be measured. Morphological comparison revealed no gross similarity to sphaeractinomyxon and endocapsa types for which there are no available molecular data. The SSU rDNA se-quence did not match any sequence currently available for myxozoans, being most similar to those comprising the clade of mugiliform-infecting myxobolids (Fig. 5) . Distance estimation revealed the highest percentage of similarity to Myxobolus sp. reported from the gills, intestine and tail of M. cephalus from the Mediterranean Sea off northern Israel (MF118765) (95%); all others presented similarity values lower than 95%. The actinosporean type determined to be genetically most similar (94%) to the one in study was the Sphaeractinomyxon type 9 of Rangel et al. (2016) (KU569318) . R e m a r k s : Morphometry was determined from mature actinospores observed in a single infected host. Morphological comparison to sphaeractinomyxon and endocapsa types for which there are no available molecular data revealed some morphometric similarity to S. leptocapsula. The latter, however, differs from the type described here in the triangular shape of its actinospores (see . The sequence obtained for the parasite did not match any of the SSU rDNA sequences currently available for myxozoans, being most similar to those comprising the clade of mugiliform-infecting myxobolids ( Fig. 5 ). Distance estimation revealed highest percentage of similarity (99%) to Myxobolus sp. reported from the gills, intestine and tail of M. cephalus from the Mediterranean Sea off northern Israel (MF118765), and to the Sphaeractinomyxon type 1 reported in this study (MK418446) (96%). All others presented similarity values lower than 95%. representative of two identical sequences separately obtained from the parasitic material in the coelomic cavity of two infected specimens, and deposited in GenBank with the accession no. MK418449. R e m a r k s : Morphometry was determined from one of the two infected hosts (T. pseudogaster), in which fully matured actinospores could be measured. Morphological comparison revealed no gross similarity to sphaeractinomyxon and endocapsa types for which there are no available molecular data. The sequence obtained for the parasite did not match any of the SSU rDNA sequences currently available for myxozoans, being most similar to those comprising the clade of mugiliform-infecting myxobolids (Fig. 5) . Distance estimation revealed highest percentage of similarity to (99%) Myxobolus sp. reported from the gills, intestine and tail of M. cephalus from the Mediterranean Sea off northern Israel (MF118765); all others presented similarity values lower than 95%. This actinosporean type was genetically most similar to Sphaeractinomyxon type 1 also reported here (MK418446) (95%). P r e v a l e n c e : 0.5% (3 infected of a total of 577 oligochaetes examined from the sampling site in the lower estuary). R e m a r k s : The SSU rDNA sequences obtained for this type in three infected host specimens were ~2,010 bp long. They were identical with the sequence available for Sphaeractinomyxon type 10 of Rangel et al. (2016) from its original description in the coelomic cavity of the same host, T. pseudogaster, in the Aveiro estuary, Portugal. Significant morphometric variation was not recorded in relation to the original description of this type, nor to its report from T. insularis in the Alvor estuary, near the Algarve Atlantic coast (see Rangel et al. 2016 , Rocha et al. 2019a ).
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Record of two previously known sphaeractinomyxon types
Phylogenetic analyses
ML, BI and MP analyses produced similar tree topologies and revealed all new SSU rDNA sequences obtained in this study clustering within the clade of mugiliform-infecting myxobolids (Fig. 5) , alongside all Myxobolus spp. thus far reported from mullet hosts, as well as all other types of the sphaeractinomyxon and endocapsa collective groups with available molecular data. The Triactinomyxon type of Székely et al. (2007) (DQ473515) was also positioned within this clade.
DISCUSSION
In this study, actinosporean infection by members of the sphaeractinomyxon collective group was found in the coelomic cavity of both freshwater and marine oligochaetes inhabiting the Minho River estuary. Four new types are described here, whereas two others were identified as being Sphaeractinomyxon types 8 and 10 of Rangel et al. (2016) . These two latter types were originally described from specimens of Tubificoides pseudogaster collected from the Aveiro estuary (Portugal) (Rangel et al. 2016) , about 180 km south from our sampling location in the Minho River. The Sphaeractinomyxon type 10 of Rangel et al. (2016) was also reported from a wetland system in the Western Algarve (see Rocha et al. 2019b) , which is located about 700 km south from our sampling location.
The application of molecular tools to the study of actinosporean stages has revealed that the morphological characterisation of actinospores is important but insufficient for the description of new types (see Hallett et al. 2002 , 2004 , Eszterbauer et al. 2006 ). In the case of sphaeractinomyxon, studies show that actinospore measurements overlap between molecularly different types that may occur in the same oligochaete host species (see Rangel et al. 2016) .
As such, the new and known types reported here were described using a combination of morphological and molecular data. Although the actinospores of the four new types differed amongst each other in their overall morphometry, a high morphological similarity was found between the actinospores of the new Sphaeractinomyxon type 4 and those of the Sphaeractinomyxon type 8 of Rangel et al. (2016) (Table 1 ). Both these types were observed developing in the coelomic cavity of specimens of T. pseudogaster collected from the lower estuary of the Minho River and, therefore, could only be distinguished through comparison of their respective SSU rDNA sequences. Consequently, our results strengthen the contention that the acquisition of molecular information is indispensable for both the characterisation of new types and proper identification of known types.
Oligochaete hosts were also identified through the combined analysis of morphological traits and molecular information of the 16S locus. Recognition at the species-level, however, was only achieved for the freshwater oligochaete Psammoryctides barbatus, identified as the host of Sphaeractinomyxon type 2 in the upper estuary, and the marine oligochaete T. pseudogaster, identified as the host of the new Sphaeractinomyxon type 4 and Sphaeractinomyxon types 8 and 10 of Rangel et al. (2016) in the lower estuary. 3.6 ± 0.2 (3.3-4.0) 3 SL -actinospore length in lateral view; SW -actinospore width in lateral view; SD -actinospore diameter in apical view; PCL -polar capsule length; PCW -polar capsule width; PTc -number of polar tubule coils. Measurements are means ± SD (range), given in µm.
In contrast, the oligochaete hosts of Sphaeractinomyxon types 3 and 4 in the upper estuary could only be recognised as belonging to the same unidentified species of the genus Potamothrix. Lastly, it was not possible to morphologically and molecularly identify the oligochaete species infected with Sphaeractinomyxon type 1, because the specimen in question was immature and died in the well plate, showing clear signs of degradation.
Despite more than one type being registered here from the same Potamothrix sp. in the upper estuary, as well from T. pseudogaster in the lower estuary, mixed infections were not observed. This is congruent with previous studies that reported several different actinosporean types from a single oligochaete species, but never taking place simultaneously in the same individual (e.g., El-Mansy et al. 1998 , Xi et al. 2013 , Rosser et al. 2014 . In fact, a considerable diversity of sphaeractinomyxon types have been reported to infect T. pseudogaster, Tubificoides insularis and Limnodriloides agnes Hrabě in Portuguese estuaries, but concomitant infections were never recorded (see Rangel et al. 2016 , Rocha et al. 2019a .
Of the 25 types of sphaeractinomyxon described in the literature, only four have been reported to infect oligochaetes associated with freshwater environments: S. danicae from an Eiseniella sp., probably E. tetraedra (Savigny); S. gigas from Limnodrilus hoffmeisteri; S. ilyodrili from Potamothrix prespaensis (Hrabĕ); and S. rotundum from unidentified tubificids at Latour-bas-Elne and Villeneuve de la Raho, France (Marques 1984) . Our study considerably increases the number of sphaeractinomyxon reported from freshwater and further suggests susceptibility of Potamothrix spp. to infection by sphaeractinomyxon.
In brackish/marine environments, species of the genera Tubificoides Lastočkin and Limnodriloides Pierantoni appear to be the more susceptible to infection by sphaeractinomyxon, thus far having been each recognised as hosts for seven different types of this collective group in Portuguese estuaries (see Rangel et al. 2016 , Rocha et al. 2019a ). Nonetheless, myxozoan surveys targeting brackish/marine invertebrate communities in other geographic locations may reveal other susceptible oligochaete taxa.
Most sphaeractinomyxon types have been reported exclusively from a single host species. Until this study, Sphaeractinomyxon type 10 of Rangel et al. (2016) constituted the only confirmed exception to a strict host specificity of the collective group with molecular evidence of its development in the coelomic cavity of both T. pseudo-gaster and T. insularis (see Rocha et al. 2019a) . Although Sphaeractinomyxon stolci and Sphaeractinomyxon ersei were also reported from more than one oligochaete species, their identification in different hosts was based solely on morphological criteria and, therefore, remains uncertain. As such, the occurrence of Sphaeractinomyxon type 4 in two distinct oligochaete species of the family Naididae Ehrenberg, more specifically in a freshwater Potamothrix sp. inhabiting the upper estuary and in the marine oligochaete T. pseudogaster inhabiting the lower estuary, confirms that sphaeractinomyxon types are not necessarily restricted to a single host species. Moreover, the presence of this type in both a freshwater and a brackish habitat reinforces the potential involvement of the sphaeractinomyxon collective group in the life cycle of myxosporean species that infect migratory fish hosts, probably mullets, as hypothesised by Rocha et al. (2019b) . Holzer et al. (2018) showed that myxozoans diversified massively after entering fish as second hosts, given that the acquisition of this vertebrate group enabled alternative transmission and dispersion strategies that were crucial in the conquest of new habitats. Mullets are catadromous, meaning that they are born in saltwater and then migrate into freshwater, where they grow before returning to the ocean to spawn. In costal and estuarine ecosystems, where these fishes spend a considerable portion of their lives, a zonal distribution of species has been shown to occur according to salinity gradients. Some species, such as the thinlip grey mullet Chelon ramada (Risso), have a higher adaptability to low salinities and water pollution, thus being able to migrate into the upper estuary (Torricelli et al. 1981 , Cardona 2006 .
In this context, it can be hypothesised that the acquisition of mullets as second hosts would have allowed the myxosporean counterparts of sphaeractinomyxon to potentially cross environmental barriers and conquer new habitats, whenever a susceptible host could be found in the invertebrate community. The presence of Sphaeractinomyxon type 10 of Rangel et al. (2016) in three Portuguese estuaries (Rangel et al. 2016 , Rocha et al. 2019a ) further corroborates the crucial role of the vertebrate host in the geographic dissemination of myxosporean parasites.
Individual values of prevalence of infection were determined to be lower than 1% for all types reported here. These values are in accordance with those reported in previous studies for other types of sphaeractinomyxon, as well as for types of other actinosporean collective groups
